A fte r recalling th e ex isten ce o f a h ig h e n e rg y b o u n d on p r o to n -p ro to n to ta l cross-sections, w e discuss th e v ario u s p h e n o m e n a w h ich occur w h en th ese cross-sections rise a n d especially w h en th e y h a v e th e q u a lita tiv e b e h a v io u r o f th e b o u n d : risin g elastic cross-sections, sh rin k in g d iffractio n p e a k , v a lid ity o f th e P o m e ra n c h u k th e o re m for to ta l a n d elastic cross-sections, ex isten ce o f a p o sitiv e re a l p a r t o f th e fo rw a rd a m p litu d e a t h ig h energies.
There is, strictly speaking, no fundamental theory of proton-proton scattering a t high energies. There are models, b u t it is not my purpose to speak about them and therefore I shall restrict myself to the very general bounds th a t one can derive from the general requirements of microcausality, conservation of probability and existence of a particle with minimum, non-zero, mass. This means th at, strictly speaking, all th a t I shall say applies to the fictitious world of strong interactions, w ithout photons and neutrinos.
The existence of a minimum mass is responsible for the short range of the forces, half the pion Compton wavelength, corresponding to the exchange of two pions between the protons (one-pion exchange contributes only to the real p art of the scattering amplitude). Now it would be too naive to conclude from this th a t a proton is necessarily seen by another proton as an object of fixed size, because the forces do not have a sharp cut-off and the exponential tail of the interaction might become more and more effective as the relative energy of the two protons increases. This is the basis for the bound which says th a t the total cross-section cannot increase faster than the square of the logarithm of the energy
where is pion mass and E laboratory energy. The bound was first established by Froissart (1961) on the basis of Mandelstam analyticity and polynomial boundedness. However, it was established later by the author (Martin 1966) th a t these assumptions are not necessary and th a t one could use as a starting-point microcausality, conservation of probability, and positivity. The bound (1) has therefore now a kind of inescapable character. Let us notice th a t although the scale in the logarithm is unknown in (1), one can make scale independent statem ents on moments of total cross-sections, as was done by Common (1970) and Yndurain (1970) .
U ntil quite recently, the bound seemed to be rather academic since the proton-proton total cross-section seemed to remain flat, as a function of energy, approximately equal to 39 mb. However, recent experiments (Amaldi et al. 19736; Amendolia et al. 1973) ,"which are being described by other speakers at this meeting, indicate th a t total cross-sections are rising a t high energies. I t is in fact possible to fit the cross-sections with an expression A for insta posed, 38.5 + 0.5[log (s/137)]2 mb, where s is the square of the centre-of-mass energy in GeV2. Of course, other fits are possible, the data do not exclude an increase with a single power of the logarithm or even a saturation of the total cross-section a t a large finite value in the infinite energy limit. However, we think th a t there is a t present a sufficient motivation to speculate under the assumption th a t the bound (1) is qualitatively saturated, i.e., th a t the cross-section does increase like (log.E')2 with a numerical coefficient in front which is not maximal (the maximum allowed being about 60 mb). Now, using the unitarity condition on partial waves, it is easy to prove th a t
which shows th a t if a tot ~ (log i?)2 then <rei ~ (log In practic observed th a t the elastic cross-section is also rising at I.S.R. energies. Now, if the total cross-section does increase like (logE)2, this means, by the optical theorem, th a t the forward amplitude increases like E(logE)2. Then if we w ant to conserve probability the width of the diffraction peak must be sufficiently narrow, otherwise the elastic cross-section would become bigger than the total cross-section a t a sufficiently high energy (Leader 1963; Martin 1963) . This means
A T is the width of the diffraction peak measured in momentum transfer squared. In fact, in this limiting situation, it is not only the width of the diffraction peak which is constrained; it is its shape. In mathematical terms, what has been estab lished (Auberson, Kinoshita & Martin 1971 ) is th a t inside the diffraction peak we have a 'scaling' property: the ratio of the amplitude to the forward amplitude is asymptotically a function of a single variable r = £(log E)2, and this function is an entire function of order In physical terms, it means th a t we cannot fit the differen tial cross-section with the exponential of a polynomial in t with coefficients depend ing on s (which is indeed w hat is observed). To conclude this section, I would like to put in a word of warning. First, it could very well be th a t the cross-section increases like log.E' instead of (logF)2. Then the predictions concerning the elastic scattering are somewhat changed: one can accept a constant elastic cross-section with a w idth A = (logi?)-2 or an elastic crosssection behaving like logE with a w idth A T = (log Secondly, even if crtot does increase like (logj E)2,we can see th a t we have not yet reached the regime because, a t I.S.R. energies, the diffraction peak does not seem to shrink more than a t lower energies (to say the le a s t!) so th a t we are still very far from the behaviour given by equation (4). This, of course, can go on for some time because of the smallness of the elastic cross-section, as compared to the total one, a t pre sently accessible energies.
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3. Consequences of analyticity in energy: the
The results of § 2 follow from the bound on L max from analyticity of the amplitude with respect to momentum transfer and from conservation of probability. The analyticity in energy is not used explicitly, b u t only implicitly, in obtaining L max. On the contrary, in this section we w ant to study direct consequences of the analy ticity of the scattering amplitude with respect to energy, wrhich is often summarized in fixed momentum transfer dispersion relations.
First, let us start with the old question of the Pomeranchuk theorem. One version of the Pomeranchuk theorem is th a t the ratio of the total particle-particle cross-section and total particle-antiparticle cross-section approaches unity a t infinite energy. The 'theorem ', however, is valid under certain conditions which are not necessarily fulfilled. The principle of the proof is to compute, by dispersion relations, the real p art of the forward amplitude under the assumption th a t the ratio of the cross-sections does not approach unity and to prove th a t the real part thus obtained is unacceptable. Unfortunately, if the cross-sections approach finite, different, constants a t E = oo, the real p art is found to behave like is impossible to find any objection of a fundamental nature against such a behaviour. One can only say th a t this goes against physical intuition, which makes us think th a t high energy scattering is dominantly diffractive.
If, on the contrary, the cross-sections go to infinity, it has been shown by Eden (1966) and Kinoshita (1966) th a t a contradiction with unitarity arises if the ratio of the cross-sections does not approach unity. In the limiting case where <VP ~ (loS^)2 one finds Kp-p-^P-rl <
I°*p-p +°* p -p l So, paradoxically, the Pomeranchuk 'theorem ' is a theorem when cross-sections rise but not when they are flat. In passing, I would like to mention another Pomeranchuk-like theorem (Cornille & Martin 1972) . I t has been known for some time th a t due to the positivity of the absorptive p art of the forward amplitude, the only possible high energy limit of dcr/df(p-p)/dcr/d£(p-p) in the forward direction is unity. This has been shown to 33-2 hold in the whole diffraction peak. Hence the ratio of the width of the diffraction peaks in particle-particle and particle-antiparticle scattering approaches unity at infinite energy. Hence, if persistent shrinking is observed in p -p collisions, persistent shrinking should also be seen in p -p collisions a t sufficiently high energies.
We now turn our attention to the question of the real p art of the scattering amplitudes. If crp_p ~ (log#)2 this means th a t the imaginary p art of the even signature amplitude (which is the average between the proton-proton and protonantiproton amplitudes) behaves like C #(log#)2. According to Khuri & Kinoshita (1965) , this means th a t the real part of the even signature amplitude behaves like CuE log E. In general, if the imaginary p art of the even signature amplitude be haves like E(logE)P, the ratio p = R e # +/Im # + is equivalent to |/?rc(log # ) -1 (notice the positive sign of p).
I f one assumes in addition th a t the odd signature amplitude is negligible a t high energies, for instance th a t it behaves like E a with a < 1, one sees th a t these results apply to the proton-proton amplitude itself. So, with this additional assumption, we predict that:
(i) if the p -p cross-section behaves like (log E)2,
(ii) if the p -p cross-section behaves like log E, ~ 2 log These are of course asymptotic statem ents which could be regarded as conse quences of dispersion relations. In fact, w hat is known experimentally is that, in a large energy interval, p is negative, and th a t the most recent measurement a t the I.S.R., by Amaldi et al. (1973 a) , gives a positive value consistent with zero within experimental errors. I t is therefore very desirable to try to predict when p changes sign under the assumption th a t cross-sections tend to infinity. Then one has to know the cross-sections not only asymptotically, bu t also at relatively low energy. This is w hat has been done by C. Bourrely & J. Fischer (private communication) who have used as starting point analytic amplitudes depending on sufficiently many parameters, the assumption (rp_p-crp_p ~ E a~x being taken into account. Then the parameters have been adjusted to make the imaginary p art of the amplitude fit the total cross-sections. One parameter is adjusted to low energy measurements of the real part. The prediction is th a t p indeed crosses over and is already + 6 to +10 % a t 2000 GeV equivalent laboratory energy, depending on the choice <r ~ log Ec r ~ (log#)2. I t continues growing beyond 105 GeV, finally reaches a maximum and, later, follows the asymptotic regime. I t appears in the work of 
Concluding remarks
To conclude, I would like to point out the interest of a measurement of the real p art of the p -p amplitude near the highest available energy (2000 GeV, equivalent) since this would differentiate between possible behaviours of total cross-sections a t still higher energies. I would also like to say th a t any new information about proton-antiproton amplitudes, either total cross-sections, widths of diffraction peaks, or real parts would be welcome even a t energies a s £ low ' as those of the N. A.L. accelerator or the S.P.S. a t C.E.R.N. I f it would tu rn out, for instance, th a t the p -p cross-section continues to decrease well below the p -p cross-section, we would be led to a dram atic revision of our ideas about particle interactions via local fields and microscopic causality.
Finally, let me indicate to the interested reader th a t the most recent and complete review on the subject is the article of Roy (1972). 
